chemical models of the atmosphereocean carbon cycle, the oceans are viewed as the primary sink for atmospheric carbon dioxide (1) . The responsible mechanism is the photosynthetic incorporation of dissolved carbon dioxide by marine microalgae in the upper ocean, followed by vertical loss of organic carbon, either through sinking particles or associated with vertical fluid transport. For the open ocean regions, which make up more than 75% of the world's oceans, both the rate of photosynthetic incorporation (the so-called total production) and the rate of export of organic carbon ("new" production) are currently uncertain to within an order of magnitude (2) . Given the profound importance of the oceans in the global carbon cycle, this uncertainty propagates to a much greater uncertainty in prediction of future atmospheric carbon dioxide concentrations and hence in For most of the world's oceans, nitrogen is the plant nutrient that limits the total production in the well-lit upper ocean (3) . Therefore, the flux of nitrogen into the upper layer sets a rigorous constraint on the rate of export of carbon; over a suitable averaging time, these two fluxes must be in a stoichiometric balance set by the Redfield ratio (4) of 6.4 atoms of carbon per atom of nitrogen.
It is the vertical flux of nitrate from deep water rich in nutrient to the relatively impoverished surface layer that dominates the nitrate supply for most of the oligotrophic region. After surface heating stratifies the water column in early spring, most of the transport is associated with vertical turbulent fluid motions. The rate of turbulent mixing, and consequently the magnitude of the vertical flux of nitrate, has been extremely difficult to estimate in the past; recently, however, it has been made possible through direct measurements of microscale gradients in temperature and velocity shear fluctuations (5) . We present the first measurements in any ocean region of rates of turbulent supply of nitrate to the surface layer and compare the results with direct measurement of the rate of incorporation of nitrate (as 15N) by the resident algal population.
Experiments were carried out during a 2-week occupation of a station in the oligotrophic eastem Atlantic (28°30'N, 23°0'W). The site investigated is adjacent to the Beta triangle area (6) approximately 1000 km south-southeast of the Azores and corresponds to a "shadow" region in the eastem North Atlantic (7), where surface isopycnals do not close but intersect the coast and where nutrient concentrations are below the limit of detection along near-surface isopycnals (8) . Hence, vertical diapycnal mixing is the dominant means by which nitrate is transported into the upper ocean.
The net upward flux of nitrate represents a source of nutrient which is available for local algal uptake. Assuming horizontal fluxes to be small in relation to vertical fluxes, (1) where the rate of change of local nitrate concentration [N(z)] depends on a balance between the turbulent supply (here described by a constant eddy diffusivity coefficient, Kv) and a sink in the form of algal uptake (9) . The sink term is defined by a linear, light-dependent, total production (a is the initial slope of the photosynthesisirradiance relation expressed in nitrogen (8) (Fig. 1) (10) . Uptake of nitrate and ammonium showed distinct uncoupling in the vertical, with the peak in ammonium uptake (60 dbar) shallower than that of nitrate uptake (120 dbar; empirical relation between the f-ratio and ambient nitrate concentration established by Platt and Harrison (10) (11), where K, values are 10-6 to 10-5 m2 seC-', and where the nitrate gradient is very similar to that calculated here. Salt fingering may enhance the vertical mass flux (14) , but the critical ratio of the gradients in salt and heat is not reached over most of the depth horizons of interest and no thermohaline staircases were observed in the temperature and salinity profiles (2-dbar resolution). Inertial oscillations may produce shear-induced instabilities which result in local intense mixing (15) , but such processes would have been averaged and included in the data presented here.
It has been suggested that observed changes in chemical tracer concentrations such as 3H, 3He, and 02, in water masses isolated from the sea surface, are more consistent with an average rate of new production of 2.5 mmol of nitrogen per square meter per day (15 mmol of carbon per square meter per day) (16), a result clearly outside the confidence bounds of the data presented here. We note that such methods yield results valid on an averaging scale of at least 1 year, whereas our results apply on a much shorter time scale. However, even if the mean eddy diffiusivity were 10-4 m2 sec'1, as inferred from the thermocline heat balance (17) , it would still be difficult to supply enough new nitrogen to support a rate of new production of this magnitude.
Results based on in situ tracer dynamics have been criticized on several grounds (18) , but even taking tthese into account, it is still difficult to reconcile the two sets of figures. At least, however, we can now reject the hypothesis that vertical turbulent supply is sufficient to meet the demands estimated from tracer dynamics. The only other sources of new nitrogen in the open ocean are from fixation of atmospheric nitrogen and import associated with acid rain. The rate ofnitrogen fixation is currently thought to be several orders of magnitude less than the rate of supply by turbulent transport; the recent discovery of a new species of unicellular cyanobacteria capable of nitrogen fixation (19) and the difficulties of making the necessary measurements at sea (20) leaves open the possibility that this rate may be higher than previously thought.
Given the importance of the oceanic sink for global carbon flux models, and hence the prediction of future climate, it is imperative that this apparent discrepancy be resolved. For example, reassessment of the rate of production in the equatorial upwelling, coupled with new data on the f-ratio, recently led to an increase in the estimated annual new production in this region of 1.4 gigatons of carbon per year (21), a value which represents 25% of the annual atmospheric CO2 discharge from fossil fuel combustion.
The intermittency which characterizes both physical and biological processes in the ocean implies that advances in understanding will result only when adequate synoptic measurements of the processes that influence the rate of new production in the world's oceans are available (22 lines provide experimental models of the molecular events involved in cellular differentiation (1) . EC cell lines develop from malignant stem cells present in teratocarcinomas and display morphological, biochemical, and biological properties of pluripotent cells of the early embryo (2) . Murine EC cells can differentiate into a variety of cell types, depending on the conditions ofcell culture. The nature ofthe cells that develop from stem cells is generally monitored on the basis of the morphology of the cells and of the expression of macromolecular markers specifically expressed in the differentiated cells (3) . Although these markers are useful for classifying the differentiating cells, the analyses of these molecules do not provide insight into the events triggering cellular differentiation. Several lines of evidence implicate the normal cellular homologs of retroviral oncogenes (proto-oncogenes) as genes that might regulate cellular differentiation. Certain protooncogenes display patterns of expression specific to cell type; some actually encode 14 NOVEMBER I986 growth factors or the receptors for growth factors that induce the proliferation of specific cells (4) . In addition, experimental manipulation of the expression ofthe oncogenic homologs of these genes either stimulates differentiation of immature cells (5, 6) or interferes with the normal pathway of differentiation in cell culture (7) .
One such proto-oncogene is c-smc, the cellular homolog of the transforming gene of Rous sarcoma virus (RSV) (8) . This proto-oncogene is one ofseveral that encode tyrosine-specific protein kinases (9) . Analysis of the c-src (pp6O-src) protein during embryonic development has revealed both qualitative and quantitative differences in its pattem of tissue-specific expression (10) . All neural tissues from developing embryos and adult animals contain high levels of a structurally distinct form of pp6Oc-src containing an alteration within the amino terminal region of the molecule (11) . This novel form of pp6Oc-src was specifically expressed in primary cultures of pure neuronal cells and displayed a higher tyrosine kinase-specific activity than the protein expressed in astrocytic or fibroblastic cells (12) . This pattern of expression suggests that the c-src protein may be important in either the differentiation of neurons or the events that take place in mature neurons. However, in the absence of a genetic system that provides the means to manipulate the expression of pp6Ocs'c, it is difficult to assess the role of pp6Ocsrc in these events. Alema and co-workers have shown that introducing the viral src protein into rat pheochromocytoma (PC12) cells stimulated the expression of a neuronal phenotype similar to that induced by nerve growth factor (NGF) (5) . Although these results suggest a potential function for c-src in stimulating neuronal differentiation, it is difficult to correlate the functional behavior of the RSV pp6Ov-src protein with that of pp6Oc-src (13) . Furthermore, PC12 cells may not be a useful system for analyzing the role of pp6O -src in normal differentiation, since no significant differences have been detected in the quantitative levels of pp6o0-src or in its electrophoretic mobility after differentiation induced by NGF or cyclic adenosine monophosphate (14) .
We have analyzed the expression of pp6O-csrc in an EC cell line, p19S1801A1 (OlAl) , that can be induced to differentiate into neuronlike cells under the influence of retinoic acid (15 
